INTRODUCTION
The field of rheumatoid arthritis (RA) and the treatment of the disease have changed dramatically during the past decade. Better understanding of the pathophysiology and the underlying immunological mechanisms of RA has led to tighter disease control, earlier treatment and the emergence of a new class of drugs, biological diseasemodifying antirheumatic drugs (DMARDs). Tumour necrosis factor (TNF) inhibitors were the first biologics to be approved for the treatment of severe RA. Adalimumab (ADA) is a recombinant human immunoglobulin (IgG1) monoclonal antibody that binds with high affinity and specificity to TNF. 1 The efficacy of ADA in the treatment of RA and its acceptable safety profile have been demonstrated in large randomised, controlled clinical trials. 2 
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Key messages
What is already known about this subject? ▸ Information regarding the feasibility of discontinuing antitumour necrosis factor therapy in patients with established rheumatoid arthritis (RA) who have obtained remission is limited.
What does this study add? ▸ The ADMIRE trial showed that remission was rarely maintained in patients with established RA who discontinued adalimumab.
How might this impact on clinical practice?
▸ In clinical practice, discontinuation of adalimumab may be possible in established RA, but in a minority of patients. ▸ All patients experiencing disease flare who restarted treatment with adalimumab achieved remission without any unexpected safety signals.
The goal of treatment today is remission: clinical, functional and radiographic. A further step is a sustained remission state without the need for continuous treatment with a biological agent-the achievement of a 'biological-free' remission. If remission could be sustained even after the cessation of anti-TNF therapy, this would have vast clinical (regarding long-term safety) as well as economic implications. Treatment with TNF blockers, once started as therapy for RA, is usually continued indefinitely. This is mainly due to the fact that information regarding the feasibility of discontinuing anti-TNF therapy in patients with RA who have obtained remission is limited. In the ATTRACT study, patients with long-standing RA receiving treatment with infliximab were followed; in 17 patients, treatment was discontinued after 2 years. 4 All 17 patients experienced disease flare after discontinuing infliximab. In contrast, in a study of patients with early RA, 70% of those initially treated with infliximab were able to discontinue TNF inhibitor therapy while remaining in remission. 5 In the RRR study by Tanaka et al, 6 of 102 patients, 56 (55%) maintained low disease activity (Disease Activity Score based on 28 joints (DAS28) <3.2) and 44 (43%) fulfilled the criteria for clinical remission (DAS28 <2.6) 1 year after discontinuation of infliximab. The mean disease duration in this study was 6 years, suggesting that discontinuation of TNF inhibitors may be feasible not only in patients with early RA, but also in those with established and long-standing disease.
Apart from the duration of RA, other factors can influence the chance of biological-free remission, such as the time from disease diagnosis to the introduction of anti-TNF therapy. In the BeST study, which was an early-RA study, it was shown that significantly more patients who received initial combination therapy with infliximab and methotrexate (MTX) were able to discontinue infliximab compared with those having delayed introduction of a biological agent (56% vs 29%; p=0.008). 7 In the OPTIMA trial, patients with early RA who achieved stable low disease activity with treatment that included ADA plus MTX, and subsequently discontinued treatment with ADA, mostly maintained their treatment response. 8 The discontinuation of ADA may be feasible even in patients with more established RA, but this is so mainly in patients in deep remission, as noted in the HONOR study. 9 In the PRIZE study, however, DMARD-naïve patients with early RA who achieved remission while receiving full-dose etanercept in combination with MTX, continuing combination therapy at a reduced dose, resulted in better disease control than those switching to MTX alone or placebo. 10 In the DOSERA study, patients with established RA who had achieved stable low disease activity on etanercept in combination with MTX, continuing both, found that therapy superior to MTX alone. Reduced dose etanercept was also more effective than MTX alone in maintaining a favourable response. 11 The PRESERVE trial yielded similar results. 12 Finally, in the CERTAIN trial, remission was maintained in a minority of patients after withdrawal of the TNF inhibitor (certolizumab pegol). 13 Taken together, much of the available data on the discontinuation of TNF inhibitors come from studies of patients with early RA enrolled in double-blind clinical trials. There is a lack of studies of patients with longstanding disease seen in clinical practice, in particular on discontinuation of ADA.
The aim of this pilot study was to assess the possibility of discontinuing treatment with ADA while maintaining remission in patients with established disease in stable clinical remission on combination therapy with ADA plus MTX.
METHODS
Study design
This was a multicentre, randomised, controlled, openlabel, pilot study. The main inclusion criteria were: age ≥18 years; diagnosis of RA based on the 1987 revised American College of Rheumatology (ACR) classification criteria, 14 positive rheumatoid factor (RF) or at least one erosion on the radiograph of hands or feet; treatment with ADA in the approved dose of 40 mg every other week for at least 6 months; concomitant treatment with MTX at a dose of at least 10 mg/week for a minimum of 6 months (stable dose for a minimum of 2 months); stable remission according to the DAS28 (DAS28 <2.6), 15 for at least 3 months based on assessments at study entry=-baseline and on at least one more occasion 3-6 months prior to baseline, documented in patient record or registry. Concomitant corticosteroids were allowed if the dose was 10 mg/day or less (prednisolone or equivalent) and had been stable for at least 3 months at baseline.
Patients fulfilling the inclusion criteria were randomised in a 1:1 ratio to arm AM (continue with ADA and MTX) or to arm M (discontinue ADA and continue with MTX monotherapy) for 52 weeks (figure 1). Any patient experiencing disease 'flare' at any visit could continue in the rescue arm, where ADA would be reinstituted. Disease flare was defined as DAS28 ≥2.6 or a change in DAS28 (ΔDAS28) >1.2 from baseline at any time. After week 52, an observational extension phase was initiated, in which patients were treated at the discretion of the investigator for an additional period of 52-104 weeks.
The study was conducted in accordance with the trial protocol, International Conference on Harmonisation (ICH) guidelines, applicable regulations and guidelines governing clinical study conduct and the ethical principles that have their origin in the Declaration of Helsinki. The study was registered at Clinical Trials.gov (NCT00808509).
End points
The primary end point of this trial was the proportion of patients in remission (according to DAS28 score) at week 28. Secondary end points included the incidence of disease flare and the evolution of physical function (assessed using the Swedish version of Health Assessment Questionnaire (HAQ) 16 ). Assessments of disease activity and physical function were performed every 4 weeks according to the protocol in both groups.
Further exploratory analyses were performed and included the following end points: (1) Incidence of disease flare (DAS28 ≥2.6 or a ΔDAS28 >1.2 from baseline at any time); (2) Incidence of at least one DAS28 ≥2.6 from baseline to week 28; (3) Incidence of at least one ΔDAS28 >1.2 from baseline to week 28; (4) Proportion of patients with at least one of the following from baseline to week 28: ΔDAS28 >0.6, DAS28 ≥2.6 AND ΔDAS28 >1.2, DAS28 ≥2.6 AND ΔDAS28 >0.6; (5) Proportion of patients in DAS28 remission at week 52; (6) Flare-free survival during the first 28 weeks; (7) Change in functional status (assessed by HAQ) at week 28; (8) Change in radiological status (analysis of radiographic data at week 52).
In addition, we applied the European League Against Rheumatism (EULAR)/ACR Boolean remission criteria 17 to the two arms and assessed the frequency of remission. Remission was defined according to the following criteria: swollen joint count ≤1, tender joint count ≤1, patient global assessment ≤1 (on a 0-10 scale) and erythrocyte sedimentation rate ≤20 mm/h. 18 19 Analysis of radiographic data and safety data Radiographs of hands ( posteroanterior view) and feet (anteroposterior view) were performed at baseline (unless a comparable radiograph had been obtained within 3 months from baseline), at week 52 and at week 104 through week 156. The Sharp/van der Heijde 20 21 (SvH) scoring method was used to assess radiographic progression. Adverse events were assessed at every visit throughout the study.
Statistical analysis
Proportions were compared between the two arms, using the Fisher exact test. Continuous variables were presented as median (IQR) and were compared using the non-parametric Mann-Whitney U test. The Wilcoxon signed rank test was used as non-parametric paired test to compare the change in HAQ and SvH score. Kaplan-Meier curves representing patients free of disease flare were compared by log-rank test. Analyses were performed using the intent-to-treat population. Non-responder imputation (ie, 'flare' imputed) was performed for patients with no available DAS28 score at week 28 (this included most patients who had a flare in the M arm and who restarted treatment with ADA).
RESULTS
Patient population
The disposition of patients through the study is shown in figure 2 . From a total of 237 screened patients, only 33 (14%) were enrolled in the study. A significant number of patients (29%) were not willing to stop ADA therapy; 16% of patients did not fulfil the criteria for stable remission; 12% were on ADA monotherapy or had a lower dose of MTX than 10 mg/week; and 5% had a dose of ADA other than 40 mg, every other week. The remaining 41% of patients screened could not be enrolled for other reasons. Of the 33 patients enrolled, 17 were randomised to arm AM and 16 were randomised to arm M. One patient was later excluded from each arm-one in the M arm due to a major protocol violation at week 8 and one in the AM arm who did not fulfil the inclusion criteria. Patient baseline characteristics from the time of randomisation are shown in table 1. No statistically significant difference was found between the arms regarding baseline characteristics except for age ( p=0.02). Three patients had low dose concomitant Prednisolone (two patients had 2.5 mg/day and one patient had 5 mg/day), all in the AM arm.
Primary, secondary and exploratory end points At week 28, 15 of 16 patients in the AM arm and 5 of 15 patients in the M arm were in remission (p=0.001; figure 3A ). Two patients in the M arm who had disease flare did not want to restart ADA treatment. The proportion of patients with at least one disease flare (defined as at least one DAS28 ≥2.6 or ΔDAS28 >1.2) during the first 28 weeks was 50% (8/16) in the AM arm and 80% (12/ 15) in the M arm (p=0.08; figure 3B) . Analysis on the subgroups of patients with disease flare showed a significant difference in the proportion of patients with at least one ΔDAS28 >1.2 ( figure 3D ), but no difference in the proportion of patients with at least one DAS28 ≥2.6 ( figure 3C ). When different definitions of disease flare were tested (an exploratory analysis as described in the Methods section), the difference between the AM and the M arm became clearer (figures 3E-G). Survival curves suggested higher flare-free survival over time in patients randomised to continue treatment with ADA, although the difference did not reach statistical significance (p=0.07; figure 4 ).
Approximately half of the patients in the two arms fulfilled the EULAR/ACR remission criteria at baseline (7/ 16 patients in arm AM and 9/15 patients in arm M). By the end of 28 weeks, 2 of 16 patients in arm AM and 1 of 15 patients in arm M fulfilled these criteria (no statistically significant difference).
During the study period, patients who experienced a disease flare had longer disease duration and started treatment with ADA later than those who did not experience a disease flare, in the M and AM arms (table 2) . There was also a tendency for a lower baseline DAS28 in patients who did not experience a disease flare.
At week 52, 81% of patients in arm AM (13/16) and 13% of patients in arm M (2/15) were in remission, while the rest of the patients in each arm were nonresponders after imputation. At the observatory visit (weeks 104-152), three of the patients originally randomised to the M arm had not restarted ADA, and two of these patients were in remission.
Functional and radiographic status
In arm AM, the median (IQR) HAQ was 0.13 (0-0.7) at baseline and 0.32 (0-0.7) at week 28 (Wilcoxon signed rank test, p=0.8). In arm M, the mean (SD) HAQ was 0.38 (0.1-0.6) at baseline and 0.5 (0.1-0.8) at week 28 ( p=0.4). Median ΔHAQ from baseline to week 28 was 0 (0-0) in arm AM and 0 (-0.12 to 0.13) in arm M ( p=0.6). The proportion of patients with at least one A total of nine patients entered the rescue arm during the first 28 weeks. Remission was restored in eight patients within 12 weeks (the remaining patient achieved remission at the final observational follow-up visit (DAS28=2.5)).
Safety data
The incidence of adverse events was similar in both treatment arms, with 88% of patients in the AM arm and 100% of the patients in the M arm reporting at least one adverse event. No adverse events were reported to cause discontinuation of study treatment or death. One serious adverse event (femur fracture) was reported by a patient in the AM arm and three serious adverse events (malignant melanoma, chest pain and pleuritis) were reported in three patients in the MTX arm. 
DISCUSSION
In this randomised, open-label pilot study, patients with established RA who were in stable remission under treatment with ADA and MTX rarely maintained remission after discontinuation of the biological agent. This result is in agreement with previous discontinuation trials, such as the ATTRACT trial (4).
Several important points need to be considered when interpreting these results. First, patients enrolled in this study had long-standing disease ( patients had median disease duration of 8 years). The results should therefore be applicable to patients with more established disease. Similar results were found in other discontinuation studies. In the RRR trial, the mean disease duration was 6 years. In that study, 43% of patients fulfilled the criteria for clinical remission (DAS28 <2.6) 1 year after discontinuation of infliximab. 6 In the DOSERA trial, most patients (87%) with established RA (median disease duration of 13.6 years) flared after discontinuation of etanercept. 11 In the HONOR study, 48% of patients remained in remission after withdrawal of ADA. Patients in this study had mean disease duration of 9 years. 9 In contrast to the above studies, the possibility of discontinuing the biological agent while maintaining remission seems to be greater in early disease, as shown in other trials. 7 8 A second important point is the definition of disease flare. It is obvious from figures 2A-C that the way in which disease flare is defined can greatly influences the results. When a liberal definition of disease flare was used (a single DAS28 ≥2.6), the difference between the AM and the M arms was no longer significant, since as many as half of the patients continuing ADA therapy experienced a disease flare. This was not unexpected, as DAS28 can vary normally and can be slightly increased even in the absence of a true clinical flare. When different definitions of disease deterioration were used, for example, a combination of DAS28 and ΔDAS28 with a specified minimum increase in their value, the difference between the two arms became more obvious. This criterion might be more clinically meaningful. An important lesson from this study is therefore the importance of the choice of the definition of disease flare for future studies. When the ACR/EULAR criteria were applied, few patients remained in remission and no difference between groups could be detected. However, the Boolean definition of remission is much more stringent Figure 4 Flare-free survival. Arm AM: patients treated with adalimumab and methotrexate; Arm M: patients treated with methotrexate only. and this study, in line with other studies, suggests that DAS28 defined 'remission' might comprise many patients with residual disease activity who are rightly captured as not being in remission by ACR-EULAR remission criteria. 22 At the end of 28 weeks, the majority of patients in the MTX monotherapy arm experienced disease flare, but three patients (20%) had a sustained remission after ADA discontinuation. At the extension visits (weeks 104-156), three patients originally allocated to ADA discontinuation had not yet restarted ADA, and of these patients, two were in remission.
This suggests that anti-TNF discontinuation might be feasible even in patients with established RA, but only for a small group of patients. Identification of these patients is, of course, of interest. As shown in table 2, there was a tendency for shorter time from disease onset to ADA initiation in the subgroup of patients who did not experience disease flare, suggesting that earlier initiation of biological DMARDs might increase the chance of retaining remission after discontinuation of the biological agent. However, the number of patients was not large enough to allow any adjusted regression analysis or to draw any firm conclusions about possible prognostic factors of remaining in remission after discontinuation of ADA.
Last but not least, all patients experiencing disease flare who restarted treatment with ADA achieved DAS28-defined remission without any unexpected safety signals. There was no progression of joint damage or deterioration of physical function in either group.
The study has several limitations, including the small number of patients, the open-label design and the issues related to the definition of disease flare. The small number of patients was mainly due to a high number of patients found to be non-eligible after screening. One-third of the patients who were screened for the study were not willing to stop ADA; 16% were not in stable remission; 12% were on ADA monotherapy or had a lower dose of MTX than 10 mg/week; and 5% had a dose of ADA other than 40 mg every other week. Although these were the reasons for the small number of enrolled patients, they were also interesting observations that reflect real-life. A 'nocebo' effect (the reverse of the placebo effect, where the patient's expectation of getting worse causes an actual worsening) might partly contribute to the higher flare rate in the ADA discontinuation group. Some differences in baseline characteristics, such as the longer disease duration, the higher percentage of anticyclic citrullinated peptide-positive patients, the longer duration from diagnosis to ADA initiation in the M arm compared to the AM arm, could account partly for lower sustainability and more flares in the M arm. The rescue of 'M' flare patients also biases the patients to better remission rates. The duration of remission (at least 6 months from randomisation/baseline) might be too short, and longer remission duration might be needed before trying to discontinue ADA. This time duration was, however, the same for the two groups. Conversely, the study has some important strengths, such as the randomised, controlled nature of the trial, the homogeneous population of patients and the relevance to the payer perspective on clinical practice.
CONCLUSIONS
In this pilot study, remission was rarely maintained in patients with RA who discontinued ADA. Compared with patients who continued combination therapy, the proportion of patients with sustained remission in the discontinuation group was significantly lower for the primary end point and most secondary end points. However, discontinuation of ADA may be feasible in a minority of patients with established RA in stable clinical remission on ADA plus MTX.
